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COMMENTS ON SETTLING CHAMBER DESIGN 
FOR QUIET, BLOWDOWN WIND TUNNELS 

Ivan E. Beckwith 
Langley Research Center 


SUMMARY 

The scheduled transfer of an existing continuous circuit supersonic wind 
tunnel to NASA Langley and its operation there as a blowdown tunnel has 
stimulated this review of flow disturbance requirements in the supply section 
and of recent methods developed to reduce the high level, broadband acoustic 
disturbances known to be present in typical blowdown tunnels. The 
indications are that the total turbulence levels, which include both the 
acoustic and vorticity modes, should be reduced to 1 percent or less in the 
settling chamber. 

Based on recent data and the present analysis of two different blowdown 
facilities at Langley, methods to achieve these low levels of acoustic and 
vorticity disturbances are recommended. Included are pertinent design 
details of the damping screens and honeycomb and also the recommended minimum 
pressure drop across the porous components which will provide the required 
two orders of magnitude attenuation of the acoustic noise levels. 

A suggestion for the support structure of these high pressure drop 
porous components is offered with the hope that detailed stress calculations 
and scale model tests will show whether this is a feasible approach to this 
most difficult problem. 


INTRODUCTION 

The scheduled transfer of the Jet Propulsion Laboratory (JPL) 20- Inch 
Supersonic Wind Tunnel to NASA Langley and its operation there as a blowdown 
wind tunnel requires a careful appraisal of the impact of the proposed supply 
piping system and new settling chamber design on flow quality. An important 
objective for the new installation is to achieve flow quality as good or 
better than experienced at JPL over the entire modified operating range which 
will be up to a stagnation pressure of 900 kPa (130 psia) and 130 kg/sec (280 
Ib/sec) mass flow rate. These conditions are more than twice the 
corresponding maximum levels used during its operation as a continuous, 
closed-circuit wind tunnel at JPL. 

The Preliminary Engineering Report (PER), which was prepared for NASA by 
Sverdrup/ARO and provides a detailed engineering analysis of the transfer of 
the JPL tunnel, has clearly recognized these increased pressure and flow 
rates as potential problems that could cause serious degradation in flow 
quality. The term "flow quality” will herein be restricted to the acoustic 
noise and vorticity fluctuation levels in the test section flow. These two 
flow disturbance modes are often lumped together as "turbulence," and this 
combined meaning v/ill be used throughout this report. The mean flow quality 
is determined primarily by the nozzle coordinates which will be assumed the 
same as before the move to Langley. 
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The purpose of the PER was not to provide the final design of the 
modified tunnel but only to identify all components to be replaced or 
modified and provide sufficient analysis to establish credibility of the 
approach. These requirements have been met by the PER which proposed a 
special "quiet" value and a new settling chamber. An 8.4 m (27,7 ft.) long 
entrance diffuser to the settling chamber would have four "filling" screens 
(to prevent separation) and an acoustic suppression chamber. The main 
chamber would be 2.44 m (8 ft.) in diameter by 6.5 m (21.4 ft.) long and 
would have a honeycomb and four turbulence screens. This approach would 
probably provide reasonably low vorticity disturbance levels at the new 
settling chamber exit but the acoustic noise levels there would depend on the 
noise characteristics (levels and spectrum) at the quiet valve inlet, the 
noise suppression and generation characteristics of the quiet valve Itself, 
and the downstream acoustic treatment in the chamber. At this time most of 
these acoustic properties are not yet accurately known or specifiable since 
the design of the new high mass flow piping system and pressure reducing 
valves from the 2.9 x 10 kPa (4200 psi) air storage tanks is not yet 
finalized. The acoustic and vorticity disturbance characteristics of the 
exit flow from the quiet valve and even the availability of the valve are 
also unknown as of this writing. 

Therefore, the main purpose of this note is to provide some aerodynamic 
design specifications for proven acoustic baffles and vorticity disturbance 
control components in the new settling chamber based on several years 
experience in developing and testing quiet, blowdown, supersonic tunnels at 
Langley (refs. 1-4) in the same facilities complex where the modified JPL 
tunnel vi>111 be located. Two different piping systems have been used in these 
tests and data have been obtained with control valves in both the choked and 
wide-open (usually unchoked) settings. The large amount of detailed data 
obtained in two different settling chambers during the quiet tunnel research 
program at Langley and the analysis provided in this report will show clearly 
for the first time that the high noise levels typical of control valves and 
piping systems for blowdov/n wind tunnels can be attenuated to the required 
low levels with relatively inexpensive components. Since the final design of 
the modified JPL tunnel is scheduled to start early in 1981, it is also 
appropriate to point out soma potentially costly defects in the approach 
proposed in the PER to the turbulence control problems. 

Use of trade names or names of manufacturers in this report does not 
constitute an official endorsement of such products or manufacturers, either 
expressed or Implied, by the National Aeronautics and Space Administration. 


SYMBOLS 

A cross-sectional, one-dimensional flow area 

c speed of sound 

D settling chamber diameter 

d screen wire diameter 


turbulence reduction factor across multiple screens or 
essentially the ratio of tf/u with screens to u/u without screens 
at the same x location usually taken at the asymptotic decay 
distance downstream of last screen 

frequency 

pressure drop coefficient across settling chamber components, 
settling chamber length 

streamwise length of settling chamber components 
Mach number 

mesh size of settling chamber flow treatment component = 
reciprocal of mesh number per unit length for square mesh screens 

mass flow rate per unit area, p u 

number of multiple screens in series 

pressure 

dynamic pressure, (1/2) pu 
unit Reynolds number 
ideal gas constant 
radius 

absolute temperature 
velocity in x direction 
axial distance 

porosity of settling chamber flow treatment component = 

^ ~ ^ ~ total area • 

used as prefix to denote increment in a quantity 

ratio of specific heats 

solidity of settling chamber flow treatment component 

_ solid area ' 

” total area 

density 


Subserlpts 

a acoustic contribution 

d Reynolds number based on d 

m Reynolds number based .on m 


0 stagnation conditions in settling chamber downstream of 

all flow conditioner components 


sc flow conditions in settling chamber downstream of all flow 

conditioner components 

V vortical contribution 

w wall 


test section free stream 


* sonic flow 

Superscripts 

rms of fluctuating quantity 
mean flow quantity 


GENERAL REQUIREMENTS FOR SETTLING CHAMBER DISTURBANCES AND 
THEIR EFFECTS ON TEST SECTION FLOW QUALITY . 

The only published sources known to this author of information on the 
existing JPL settling chamber design and flow disturbances are those of 
Laufer in references 5-7. In reference 5 Laufer states: "The turbulence 

levels in the settling chamber under the two conditions were 0.6 percent and 
7 percent. These values were approximately constant for the Mach number 
range 1.4 to 4.0, and nearly independent of the tunnel stagnation pressure. 
The temperature fluctuations were negligibly small.” The two conditions just 
referred to were: (1) when the vorticity fluctuations were reduced by 

installing damping screens in the settling chamber and, (2) when these 
disturbances were greatly increased by the installation of a grid before the 
contraction. The main results of this investigation (ref. 5) were that in 
the low Mach number flows (M < 2. 5), the turbulence level of the settling 
chamber had a strong effect on boundary layer transition Reynolds number but 
no such effect could be detected for flows at M > 2.5, These results agree 
qualitatively with our own experience here at Langley (ref. 1) where an 
increase in settling chamber maximum turbulence levels from 0.35 percent to 
0.85 percent (this increase was obtained by removing some of the acoustic 
treatment material) caused no measurable increase in free stream noise levels 
in the Mech 5 flow. Details of this particular settling chamber design 
(ref. 1) and techniques used to achieve these low turbulence levels will be 
discussed in the next section of this report. 


Earlier results from an investigation by Westley (ref. 8) of the effect 
Of settling chamber noise on test section noise are of considerable interest 
to the present discussion. Westley measured the pressure fluctuations with 
microphones mounted flush with the wall in a blowdown wind tunnel for test 
section numbers from 1.2 to 4.0. He found intense pressure fluctuations 
in the settling chamber that apparently originated from the sonic jet of the 
control valve. He concluded that for 3 the pressure fluctuations in the 
test section were predominately those which had been transmitted from the 
settling chamber. The attenuation of this transmitted noise increased with 
increasing Moo and '•'on Moo> 3, the test section noise became almost 
independent of the settling chamber noise. The reasons for this latter 
result were that the surface noise and noise radiated from the turbulent 
boundary layers on the nozzle wall become the dominant disturbance sources at 
the higher Mach numbers in agreement with Laufer's (refs. 6, 7, and 9) 
original experiments in the JPL tunnel. In regard to the settling chamber 
disturbances in these experiments Laufer states (refs. 6 and 7): "The 

turbulence level in the supply section was found to be due to velocity 
fluctuations only, no temperature fluctuation being detected. The turbulence 
level was 1 percent for all Reynolds numbers, except at M^> 4.5 where ti/0 = 

0.5 percent." ‘ 

Figure 1 is a schematic diagram of the JPL tunnel taken from reference 
6. Note there is a vorticity decay distance of about 2.9 m (9.6 ft.) from 
the last screen to the inlet of the nozzle contraction. The overall L/D of 
the main chamber is about 2.3. There are seven 8x8 mesh/cm (20 mesh/in.) 
screens (two of which provide the function of filler screens to prevent 
separation in the 14® entrance diffuser), a filter paper, and two 12 x 12 
mesh /cm (30 mesh/in.) screens. Whether more screens were added for the 
investigation of reference 5 to get the reported lower 0.6 percent turbulence 
level is not known. For the purposes of this discussion, it may be assumed 
that the different turbulence levels of 0.6 and 1 percent were due to 
variations in operating conditions or instrumentation accuracy. Some 
fraction of the nominal 1 percent turbulence level in these tests was 
probably due to acoustic disturbances which originate primarily from upstream 
sources. These upstream acoustic sources are peculiar to each wind tunnel 
drive system and duct or piping system, including its valves and physical 
layout. In particular, it is well known that typical blowdown wind tunnels 
have extremely high noise levels over wide frequency spectra that are caused 
by the piping. system, the pressure reducing valves, and the pressure control 
valves. These severe noise problems and proven methods of achieving very 
significant attenuation of the settling chamber input levels will be 
discussed in the next section of this report. 

Returning to the vorticity disturbance problem, in order to evaluate the® ® 
performance of the existing turbulence screens in the JPL tunnel , the range , . 
of pertinent flow conditions in the settling chamber and test section (based '■ 
partly on data from ref. 10) are given in Table I for T® = 294K (530®Rj. 

Since the mass flow rates, for a given value of T©, are directly proportional 
to Po, a comparison of the maximum values of Po in Table I with the new ,i 
proposed Values (PER) shows that the new mass flows will be more than doubled 
over the entire Mach number range. This increase in mass flow will not 
affect the settling chamber velocities or Mach numbers but will more than 
double the screen Reynolds numbers. 


From Table 1(b), it is of interest to note that when the nozzle wall 
boundary layer was laminar, which results in ultra-quiet test section flow 
(see ref. 1), the maximum values of “ 185/cm (470/inch) would give a 
screen wire diameter Reynolds number of only 4.7 for d = .25 mm (.01 inch). 
This value of Rsc.d "[s far below the critical range of approximately 40 for 
which a screen will just begin to generate new turbulence due to transition 
from laminar to turbulent flow in the wire wakes. That is, for these very 
low, subcritical screen Reynolds numbers, the wire wakes are laminar which 
presumably would contribute to the maintenance of the observed laminar 
boundary layers on the nozzle walls at the conditions of Table 1(b). 


The main parameters used to assess the performance of turbulence damping 
screens are the porosity 3 (or solidity a = 1 -3), the mesh m, wire 
diameter d, and Reynolds numbers based on these dimensions. Values of these 
parameters for two typical screens are given in Table II for conditions in 
the existing JPL tunnel and in the new modified tunnel (PER). Note that the 
solidity of the proposed 8x8 mesh/cm (20 x 20 mesh per inch) screen is 
somewhat larger than the recommended limit of about 0.42 (refs. 11 and 12) 
which is required to avoid anomalous increases of vorticity due to random 
merging of some of the screen wire wakes. Also note from Table II that the 
maximum values of R sc,d for both the existing JPL tunnel and the modified 
version are far above the critical value of about 50 (refs. 11 and 12) so 
that new higher turbulence would be generated by each screen. However, from 
results in references 11 and 12, the turbulence far downstream for x/m ^ 200 
was always lower than the input values, so presumably, if sufficient decay 
distance is provided downstream of each screen, the final decey turbulence 
levels would always be lower than input levels in spite of the supercritical 
Reynolds numbers. The question then arises as to what the minimum spacing 
between multiple screens should be. Tests of multiple screens reported in 
reference 12 with 4x/m values from only 9.4 to 30.3 showed that the overall 
turbulence reduction factor was 

-«/2.7 

Fr, = 0 + K.) 


( 1 ) 


where n is the number of successive screens in series and K is the 
pressure drop coefficient of a single screen. Their exponent of n/2.7 was 
smaller (which results in less turbulence reduction) than the classical value 
of n/2 from Dryden and Schubauer (ref. 13) possibly because the levels of 
turbulence in their input flow were thought to be higher than in the tunnel 
of Dryden and Schubauer. However, another important factor that affects the 
decay distances is the semen Reynolds numbers. Increasing decay distances 
are generally required as the screen Reynolds numbers are increased, 
especially up to the critical value of R sc^j « 50 (ref. 11). For the much 
larger screen Reynolds numbers in Table II, ^it seems prudent to specify 
distances between screens of Ax/m “ 100 or larger if possible. (Note that 
the minimum spacing between screens in the existing JPL tunnel is Ax/m = 180 
(see fig. 1).) 

The overall effectiveness of multiple screens is increased by minimizing 
any swirl or nonuniformities in the approaching mean flow. The use of a 


honeycomb with an additional matching screen just downstream of it are 
usually effective for this purpose (refs. 14 and 15). The optimum £/m (where 
m is the honeycomb mesh size) is about 8 although this is apparently not 
critical^ To approach asymptotic decay of new turbulence downstream of a 
honeycomb, it should be placed upstream of the first damping screen by about 
50 honeycomb mesh distances (ref. 14). 


For large diameter, high dynamic pressure settling chambers, the 
pressure loads on honeycombs and screens must be accurately known. For 
honeycombs with hexagon cells, a good source of data is reference 15. From a 
plot of their experimental values of K against R sc.w by interpolation 
for A/m “ 8, the following relation is obtained: 

K = i«(R„ ; -1/'"“® 


(2) 


For damping screens at high Reynolds numbers. Laws and Livesey (ref. 16) give 
the following relation: 


K = O.SZ 



(3) 


With these equations and flow data like those in Tables I and II, the loads 
on honeycombs and screens may be computed with good accuracy. If conven- 
tional screens will not take the loads in a high q, large settling chamber, 
then honeycombs, perhaps even 2 or 3 in series, with decreasing mesh sizes in 
the downstream direction, would have to be used. 

To conclude this section, it seems clear that rms velocity fluctuation 
levels (which include both vorticity and acoustic disturbances) at the settl- 
ing chamber exit just upstream of the nozzle contraction should be reduced to 
1 percent or less, particularly for operation at the lower Mach numbers below 
3. To achieve this low level of turbulence, screen solidities of less than 
0.42 should be used and 5 to 7 damping screens in series placed at least 100 
mesh distances apart will probably be required. A honeycomb and an 
additional matching screen (ref. 14) placed upstream of the damping screens 
by about 50 honeycomb mesh distances will minimize any swirl or other mean 
flow nonuniformities and increase the effectiveness of the damping screens. 

However, the damping screens and honeycombs will not attenuate the high 
level and high frequency acoustic disturbances that are typical of blowdown 
systems. Thus, in order to meet the requirement of 1 per cent turbulence or 
less in terms of the total velocity fluctuation levels, the acoustic 
disturbances must also be reduced to very low levels, particularly for test 
section Mach numbers below about 3. Proven and comparatively simple ways of 
reducing the acoustic disturbances will be discussed in the next section. 


REDUCTION OF ACOUSTIC DISTURBANCES 
IN BLOWDOWN WIND TUNNELS 

We will now consider the problem of how to reduce the high level, broad- 
band acoustic disturbances in blowdown wind tunnels to the low levels requir- 
ed to achieve 1 percent total turbulence or less in the settling chamber. The 



deisign engineer must also address the equally important problem of how to 
achieve these required low noise levels with the minimum cost as determined 
by settling chamber length, diameter, and the type of acoustic baffles or 
other acoustic treatment components* 

First a brief discussion of measurement techniques and data 
interpretation will be offered to help clarify certain arguments presented in 
the following sections. The basic relation between rms pressure and particle 
velocity amplitudes in a plane sound wave is (ref. 17) 

^ = pc^ (4) 

thus 

t 

P 

since M = ti/c and c =y P/p» This relation has been used (refs. 1 and 18) 
to express hot-wire data obtained in the low velocity settling chamber flows 
in terms of pressure fluctuations. The purpose of this conversion of hot- 
wire data is to provtde a comparison with pressure fluctuation measurements 
obtained from pressure transducers mounted flush with the wall (ref. 18) or 
in probes used within the settling chamber flow itself (ref. 19). Such a 
comparison between hot-wire and pressure transducer data provide an estimate 
of the relative contributions of acoustic and vorticity disturbances to the 
total turbulence by invoking several assumptions (refs. 18 and 19). Three of 
these assumptions are: (1) the acoustic disturbance is a plane wave moving 

axially along the chamber, (2) the contribution to the hot-wire signal due to 
density fluctuations can be neglected, and (3) if the transducer is flush 
mounted on the chamber wall, the turbulent boundary layer surface noise (or 
"pseudo" sound) is either previously known (from data correlations in noise 
free environments) or is much smaller than the free stream noise. In 
addition, the entropy fluctuations (or temperature spottiness) must be 
negligible which is usually the case in unheated flows or when thorough 
mixing of the flow is provided. As will be seen, this required mixing can be 
accomplished by suitable settling chamber components. In low speed flov/s, 
the density fluctuations are usually neglected, even when the acoustic 
disturbances are large. 

The justification for neglecting the density fluctuations is as follows: 

The probe wire current or voltage (for a constant temperature wire) is 
proportional to the square root of the aerodynamic heat transfer rate to the 
wire that, in turn, is proportional to the mass flow per unit area, pu, at a 
given mean flow condition. The mass flow fluctuations may be expressed in 
terms of differential quantities as 

dw _ 4u , dp (6) 

X " T" T 

Since vorticity fluctuations are, by definition, pure velocity fluctuations, 
equation (6) may be separated into acoustic and vortical components and 
written as 




(5) 
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« 

f4 



< 




Then since the acoustic density fluctuations are i$entr^ 


(H - m 


equation (5) may be written as (where, for the present purposes, the 
differential notation is fully equivalent to the rms notation) 



Thus, for 


M « 1.0, equation 


(9) takes the form 


m ^ \ ^ /v 


(a) 

( 9 ) 

(la) 


It is now clear from this result that if an independent measurement of the 
acoustic velocity contribution is available by using equation (5) with p/p 
supplied by a pressure transducer and if the total velocity fluctuations are 
obtained from hot-wire data (eq. (10)), then the vorticity contribution can 
be evaluated subject to the limitations discussed above. 

Settling Chamber for Mach 5 Pilot Quiet Tunnel 

The first example of very significant acoustic noise reduction and the 
evaluation of relative acoustic and vortical disturbances in a settling 
chamber is taken from reference 18. Figure 2 shows the basic data for 
from the hot-wire probe on the centerline and the corresponding values of p/p 
from equation (5) are plotted on the same scale with the pressure transducer 
data in the bottom portion of the figure. In this case, the turbulent 
boundary layer wall noise may be calculated from the relation 

K « y m’" 

- ^ 

where > .006 from reference 20 (for M ^ .01) and = .0066 based on 
■ t*®” ■ ^ ' ■ 

the settling chamber and nozzle throat (with bleed valves open) cross- 
sectional areas (ref. 1). The resulting value of /p « 1.8 x 10“' which is 
about two orders of magnitude smaller than the pressure transducer data shown 
in figure 2. Since the reduced hot-wire data are in close agreement with the 
pressure data, we can therefore conclude that the vorticity fluctuations in 



this settling chamber are indeed small. Note, however, that due to accuracy 
limitations of both techniques as well as limitations imposed by the 
previously mentioned assumptions, no particular significance should be 
attached to the apparent result that the reduced hot-wire data are lower than 
the pressure data. Nevertheless, it is clear that the already remarkably low 
turbulence levels of 0.2 to 0.4 percent shown in the upper part of figure 2 
are mostly acoustic disturbances. The hot-wire spectra data published in 
reference 1 are consistent with this conclusion because significant energy 
was present up to at least 40 kHz which could not possibly be vorticity with 
the low stream velocities of about 2.5 m/sec (8 ft. /sec) in this chamber. 

In order to appreciate the large amount of acoustic attenuation realized 
in this settling chamber, the wall pressure fluctuations measured at the 
inlet are shown in figure 3 taken from reference 1. The peak levels are 
about 4 X lO”’’^ or two orders of magnitude larger than the values measured 
downstream of the acoustic baffle components. Before presenting a 
description of these acoustic components and some information about the very 
effective turbulence screens in this chamber, some comments are in order 
concerning the large decrease in the inlet noise levels with increasing unit 
Reynolds number starting at « 10®/m (fig. 3). 

A schematic sketch of the upstream supply piping system for this tunnel 
is shown in figure 4. The two control valves are located downstream of the 
25.4 cm (10 inch) header or large supply pipe which is always pressurized to 
about 3800 kPa (550 psia) by reducing valves from the main high pressure air 
storage tanks. For the relatively small mass flows in this Mach 5 Pilot 
Quiet Tunnel of about 3.9 kg/sec (8.6 Ib/sec) maximum (for the tests of fig. 
2), the header functions essentially as a static air tank. To obtain the 
largest unit Reynolds number shown in figure 3, the 10.2 cm (4 inch) valve 
was nearly wide open with a ratio of downstream to upstream pressure of about 
0.55. Thus, the flow through the valve at the higher pressures is subsonic, 
or unchoked, with much smaller noise emission, while at the lower unit 
Reynolds numbers, the valve flow is always sonic, or choked, with correspond- 
ing high noise levels. Again the spectral data shown in reference 1 are 
consistent with this flow noise assessment. However, even with the valve 
wide open, the remaining inlet pipe noise is still nearly an order of 
magnitude higher than the levels in the settling chamber downstream of the 
acoustic components (fig. 2). Thus, the inherent pipe noise even in this 
fairly simple system would be too large to be acceptable for a supersonic 
blowdown wind tunnel with the required flow quality for 3. 

It is of interest to compare the pipe and settling chamber noise levels 
in the Mach 5 Pilot Quiet Tunnel with those in the Vought Systems Division 4 
X 4 ft. transonic and supersonic blowdown wind tunnel (ref. 21). The control 
valve (cylindrical -rotor type valve) in the Vought tunnel was immediately 
upstream of the inlet diffuser to the settling chamber. The diffuser 
expanded the sonic valve flow to high supersonic velocities which terminated 
through a normal shock system resulting in very high noise levels of ^ /p - 
1 percent in the settling chamber. Four perforated plates were then 
installed in the diffuser and the settling chamber noise was reduced to 
^ /p “ 0.3 percent by a system of multiple shocks rather than the terminal 
normal shock system. This reduced level is about the same as the peak inlet 
values in figure 3 for the Mach 5 Pilot Quiet Tunnel. These latter values 
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were then further reduced by two orders of magnitude by the settling chamber 
components in the Mach 5 Pilot Quiet Tunnel. Obviously, the inlet flow 
mechanisms are entirely different in the two facilities. 

The Lockheed 4-foot blowdown wind tunnel (ref. 22) had originally the 
same design as the Vought tunnel and therefore experienced the same severe 
noise problems due to the rotor type control valve and inlet diffuser. An 
extensive development program to improve the flow quality in this tunnel was 
carried out with a 1/2 scale model and the results are given in reference 
22. Data were obtained with the cylindrical -rotor valve replaced with two 
different sleeve valves; one was designed to give the required pressure drop 
with multiple small shocks while the other valve had numerous (5,550), small, 
tortuous air passages in its sleeve designed to generate pressure losses 
through a series of subsonic flow turns rather than through shocks. This 
latter valve is typical of so-called "quiet" valves and, when used with no 
other flow conditioners, it did reduce the normalized rms noise from a 
maximum level of ^/p 2 percent (caused by the rotor valve) to about 0.3 

percent. This reduced level is again about the same as the peak input levels 
for the Mach 5 Pilot Quiet Tunnel (fiq. 3). With the addition of several 
flow conditioners consisting of three filling grids to prevent separation in 
the ^ I arge angle Thlet diffuser , a honeycomb', and' four damping screens , the 
minimum noise level downstream of all conditioners was reduced to p/p “ 0.08 
percent which is still more than an order of magnitude larger than in the 
small chamber (fig. 2). It is doubtful whether this particular quiet valve 
design would provide any significant attenuation of high level and high 
frequency pipe noise such as would be present in the existing Langley 
complex, especially at high mass flow rates. Additional details on the 
sources and characteristics of this pipe noise will be discussed in the next 
section of this report. 

Data reported in reference 1 show that most of the acoustic attenuation 
in the small settling chamber for the Mach 5 Pilot Quiet Tunnel was provided 
by two porous ("Rigimesh") components and a section of steel wool that ms 
8.9 cm (3.5 in.) in streamwise length. These components and other details of 
this chamber are shown in figure 5. The overall pressure drop for all 
acoustic components and damping screens is given by 


• > 50 pSL ( 12 .) 


where, in the last term, p^ is in psia. For comparison with other data 
this equation may be written in terms of the pressure^ drop coefficient as 


« .OQ + ^ 

-pc 







This result shows that (for > 30 psia) the value of K decreases with 
increasing Reynolds number since for constant values of and the 
Reynolds number is proportional to p^. . 

The entrance baffle (or entrance jet "dtffuser'' ) was either the porous 
hemisphere or the porous cone as indicated in figure 5. Data reported in 
reference 1 shows that the downstream rms velocity levels on the centerline 
were approximately the same for these two entrance baffles. However, the 
cone was generally preferred over the hemisphere because of the somewhat 
greater attenuation of the acoustic energy at high frequencies above 15 kHz 
(ref. 1). The hemisphere is no longer used but did produce a somewhat more 
uniform distribution of tf/D across the: chamber as indicated by the hot-wire 
data shown in figure 6. The data for the hemisphere at r * 0 (on the 
centerline) are the same as the hot-wire data shown in figure 2. The 
off-centerline data in figure 6 have not been published before.* It is of 
interest to note that even though these hot-wire data were measured far 
downstream of all acoustic components and damping screens, the shape of the 
upstream porous entrance baffle could apparently influence the turbulence 
distribution to the extent shown ^ i Due~ to a Tack of” syst^ 

investigation, insufficient data are available to determine whether the 
nonuniform distributions of “0/0 with the cone were repeatable and actually 
caused by the conical shape or were due to local aberrations in the cone 
porosity. For the same reason, the precise contributions of the fairly high 
porosity (3 = 57 percent) perforated plate and the particular sequence of 
mesh sizes of the damping screens, to the low levels of turbulence is not 
known. More detailed data in a larger settling chamber to be discussed in 
the next section will provide some indication of what nonuniform porosities 
and high solidity perforated plates can do to the downstream flow. 

Before proceeding to this next and last example of large noise 
attenuation in the settling chamber of a blowdown wind tunnel, one final but 
very important point will be made about the chamber for the Mach 5 Pilot 
Tunnel. The methods of mounting the damping screens and installing them in 
the chamber are considered to be of unusually high quality. With several 
years of use and frequent cleaning the screens have been easily maintained in 
the ideal taut condition and free of any defects. The engineering design 
details of this installation are available upon request. The range of wire 
diameter and mesh size Reynolds numbers for the downstream 20 x 20 mesh/cm 
(50 mesh/in.) screens corresponding to the conditions of figure 6 are Rsc^m = 
65 to 1400 and R^^^ = 15 to 300. Thus, the screens were operated over the 
entire range from ^subcriti cal to supercritical wire diameter Reynolds 
numbers. However, the streamwise spacing between these downstream 20 x 20 
mesh/cm screens was probably more than sufficient at Ax/m “ 200 to allow 
asymptotic deccy of the generated vortlcity (refs. 11 and 12). The solidity 
of the 20 X 20 mesh/cm screens was a - .40 which is below the recommended 
limit of a = .42 (refs. 11 and 12). 


*The author is indebted to J.B. Anders of NASA Langley for supplying these 
data on figure 6. 
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Settling Chamber for the Supersonic 
Pilot Quiet Tunnel 

l 

Figure 7 is a schematic scale drawing of the large settling chamber for 
the Supersonic Pilot Quiet Tunnel. This chamber is 60.1 cm (23.66 in.) in 
diameter by 6.4 m (20.9 ft.) long and was originally equipped with 5 porous 
Rigimesh components and 7 damping screens as illustrated in the figure. The 
entrance baffle is a porous Rigimesh cone and the four Rigimesh plates are 
contoured to an arc radius of 60 cm (23.7 in.) in the downstream direction, 
as illustrated, to reduce stresses on the material. The spacing between the 
contoured plates, starting at the upstream space, is 41.3 cm (16.2 in.), 

34.9 cm (13.8 in.), and 37.7 cm (14.8 in.). The upstream space is packed 
tightly with coarse steel wool. The throat diameter of the nozzle at the 
settling chamber exit was 10.160 cm (4.000 in.). This nozzle was used for 
all test results reported herein. 

If the mean flow through the nozzle throat is uniform and sonic, the 
mass flow in the settling chamber is 



where is the effective throat area which may include a correction for 
the boundary layer displacement thickness. If the mean flow in the settling 
chamber is uniform the Mach number and velocity then follow from eq. (14) as 


v+i 



where the speed of sound in the settling chamber is assumed to be Cg, =^/^TQ 
and Ajcf’isy again include a correction for the local boundary layer displace- 
ment thickness. The inviscid values of Mach number and velocity from these 
equations are M*^ = .0165 and = 5.8 m/sec (19.2 ft/sec) for T^ = 310 K 
^ (560°R). 

% Results of a detailed investigation of the flow in this settling chamber 

with hot-wire probes will be available.* The distribution across the chamber 
at ports A, B, and D of mean and fluctuating velocities, including spectral 
* data and analysis, with various combinations of the porous components shown 


*To be published as an NASA CR by Michael J. Piatt, Systems and Applied 
Sciences Corporation. 



in figure 7, and with the addition of a high density perforated plate and a 
honeycoirtb will be included. Fluctuating pressure data, including spectral 
measurements, obtained with high frequency response transducers mounted flush 
with the wall at port D will also be available.* 

Noise attenuation and centerline turbulence . - Figure 8 compares data 
from these sources with pressure and hot-wire data in the settling chamber of 
the Mach 5 Pilot Quiet Tunnel from figure 2. Several important conclusions 
can be obtained from this figure. First, figure 8(a) shows that the 
normalized rms acoustic pressure fluctuations in the large chamber for f > 20 
Hz with all components installed follow the same trend with unit Reynolds 
number as in the Mach 5 chamber except for the decrease at Rsc/ni » 10^ caused 
by the unchoked control valve flow in the Mach 5 facility discussed 
previously. Thus, if the unit Reynolds number is the correlating parameter 
for acoustic attenuation by high Ap porous plates, then values of 'pJVo 
.006 percent should be possible in the modified JPL tunnel since the maximum 
value of unit Reynolds number in the 2.44 m ( 8 ft.) diameter settling 
chamber will be about 1.7 x 10® /m. Second, the levels of p^/Po in the 
Targe chamber with all components removed (considered equivalent to values at 
the chamber inlet) are about 0.2 percent which is smaller than the peak inlet 
levels in the small chamber from figure 3. Thus, even though the piping 
systems and mass flows are drastically different for these two facilities 
(details of the piping system for the Supersonic Pilot Quiet Tunnel will be 
given in Keyes' report), the levels of ^/p^ at the inlet and downstream of 
the porous components are similar in magnitude. In both chambers, the 
entrance baffle not only prevents separation of the inlet jet but also 
provides some attenuation of the pipe noise. 

On the other hand, comparison of the hot-wire data for centerline 
velocity fluctuations given in figure 8(b) shows that the total turbulence 
levels in the large chamber are more than twice the corresponding turbulence 
levels in the small chamber. Furthermore, comparison of the hot-wire and 
pressure transducer data for the large chamber in figure 8(b) shows that 
these increased turbulence levels are primarily due to increases in vorticity 
fluctuations based on the previous discussion and equation (10). Another 
important result from figure 8 is the significantly large energy in the 
pressure fluctuations at low frequencies for f ■< 20 Hz as indicated by 
comparison of the two bands of pressure data at the two different electronic 
filter settings with all components installed. 

This low frequency energy was initially believed to be caused by 
oscillations in the pressure control valves. To investigate this possibility 
and to determine if lower noise levels would occur if the control valves were 
operated wide open, a special set of runs was made with the high pressure 
tank field bled down to pressures much lower than the normal range. The 
results are shown in figure 8(c) where data for both frequency filter 
settings and normal operation of the control valves are included for 
comparison. The data for f = 0 - 70,000 Hz (left side of the figure) show 
that some of the low frequency energy does come from the control valves 


*To be published as an NASA TP by J. Wayne Keyes, NASA Langley. 


since the levels are somewhat lower with the valves wide open. When f < 20 
Hz is filtered out (right side of figure) there is very little difference in 
noise levels between normal operation and wide open settings of the control 
valves. In view of the high level valve noise for the small chamber shown in 
figure 3 and also apparent in figure 2 from the decrease in p/p© for 
Rjc/m ^ 10®, this lack of any valve noise for the large chamber system came 
as a big surprise. The explanation is probably to be found In the very high 
“pipe" noise due to tees, reducers, elbows, etc., that now becomes dominant 
because of the much higher mass flows, up to about 55 kg/sec (120 Ib/sec), 
during these tests. Furthermore, this inherent pipe noise Is not affected 

much by flow through the heater since bypassing the heater did not affect the 

measured noise levels appreciably. It must be concluded that at the much 
higher mass flows of 130 kg/sec (280 Ib/sec) for the modified JPL tunnel 
installation in this same facility complex, the pipe noise sources will 

predominate over any other control valve or reducing valve noise sources. 

Thus, the proposed quiet control valve may not reduce the noise levels at the 
settling chamber Inlet appreciably since the very high intensity and high 
frequency pipe noise will probably be transmitted directly through it, unless 
the internal components and acoustic control devices are tailored to match 
this input noise» 

The large values of pressure drop across the porous components in this 
chamber and the effects on Ap of foreign material stopped by the components 
are illustrated in figure 9. The Increasing values of Ap with increasing 
number of runs were caused primarily by material from the disentegration of 
the Balston filter elements made of fiber glass and epo)^y bonding that were 
originally Installed upstream of the settling chamber. The failure of these 
elements was probably caused primarily by the high energy, low frequency 
noise or oscillations In the flow (fig. 8). Most of this filter material was 
retained by the entrance cone. The purposes of the upstream filter were to 
keep the porous components free from contamination, to protect the surface 
finish of highly polished nozzles or models from pitting and erosion, and 
finally to prevent damage to delicate hot-wire probes and pitot pressure 
transducers. The Balston filter elements have been replaced with porous 
stainless steel elements supplied by Pall Trinity. These elements have 
functioned very well. Fluctuating pressure data obtained at port D with 
and without filter elements installed showed that the settling chamber noise 
levels were not affected significantly by the filter elements or their housing. 

Figure 10 Is a typical power spectrum of the pressure fluctuations at 
the higher values of Rj^/m. This spectrum shows that a significant fraction 
of the acoustic energy is present over the frequency range from 10 kHz to 55 
kHz. The peak at f « 3 kHz is apparently caused by structural vibrations 
transmitted to the mounting plug. The very low frequencies of f < 20 Hz are 
not visible on this figure. 

Figure 11 shows the pressure drop across various components or 
combinations of components plotted against stagnation pressure. These data 
were obtained before either type of filter elements were Installed, so the 
values (especially for the entrance cone) may be somewhat higher than after 
Cleaning and installation of the Pall filter elements. Nevertheless, it is 
useful to compare these pressure drop values In terms of K with those in the 
small chamber. 
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For the cone alone we obtain from figure 11, for 
100 psia 


K 


.14 




.0165 and for p > 


(17) 


where here and in the following equation for K, the constant in the last 
term is in psi. Comparison of equations (17) and (13) shows that the 
pressure drop coefficient for just the cone is considerably larger than the 
overall coefficient for the small settling chamber. Similar relations for 
other combinations may be obtained such as the following equation for K 
that is applicable to the cone plus 4 plates and 7 screens but without the 
steel wool : 


K = 


.32 

2 ' 'sc 




(18) 


These values of K are- much larger than for the small settling chamber, yet 
the noise attenuation in the big settling chamber is not as large. In the 
next subsection of this report, test results with the last porous plate 
removed are presented. Additional results with the steel wool removed and 
also data without the cone will be available in the Piatt and Keyes reports. 
The noise attenuation was not affected, within the accuracy of the 
measurements, by removal of the last porous plate and the steel wool. 
Therefore, it appears that the original Ap values in the large settling 
chamber represent an "overkill" approach with more pressure drop than 
required to achieve the maximum possible noise attenuation. Recalling the 
highly effective two porous components and 8.9 cm (3.5 in.) of steel wool in 
the small chamber (fig. 5), a similar arrangement could probably be used in 
the 2.44 m (8 ft.) diameter settling chamber of the modified JPL tunnel. 

These porous components in the small chamber are only 0.32 cm (.125 in.) 
thick with a total pressure drop (to be estimated from eq. (13)) that could 
perhaps be accommodated in the JPL chamber by the use of a large square cell, 
say with m « 30 cm (1 ft.), honeycomb type structure welded between the two 
porous components or between a perforated plate (as in fig. 5) and the 
downstream porous plate. The Critical problem would be the shear loads 
around the periphery of the assembly, but these loads could be carried partly 
by the outer part of the honeycomb structure. In any case, the mean and 
fluctuating velocities can be affected by these individual porous components 
and one example of this type change will be discussed next. 

Typical distributions across the chamber of mean and fluctuating 
velocities. Figure 12 shows the variations across the large chamber of the 
mean velocities and ti/u from hot-wire data at ports A and B with all compo- 
nents shown in figure d installed. Figure 12(aTWows extremely nonuniform 
mean velocity distributions across the chamber at port A that were roughly 
symmetrical about the centerline. The data at port B shows that the screens 
are remarkably effective in smoothing this mean velocity distribution. 

Figure 12(b) shows that the screens reduced the turbulence in the center 
region from maximum levels of about 16 percent down to about 1 percent. 




V 




From previous discussion of figure 8, it is clear that these high turbulence 
levels upstream of the screens are mainly vorticity fluctuations that 
probably are caused by the high solidity porous plates. 

Based on general results given in references 11 and 12, for example, the 
large increase in turbulence at port B for = 0.7 may be tentatively 
attributed to the shear layer in the upstream mean flow at port A. This 
shear layer is very roughly centered at t / t ^^ .7. The hot-wire spectrum at 
port B near the peak turbulence region shown in figure 13 tends to confirm 
that these high turbulence levels are vorticity fluctuations since there is 
very little energy above 5 kHz in contrast with the pressure spectrum of 
figure 10. Even 5 kHz represents very small scale vorticity at the small 
convection velocities shown in figure 12(a). 

Data to be reported by Piatt shows the source of the nonuniform mean 
velocities at port A is not the cone. Tests were then conducted to see if a 
perforated plate or a honeycomb installed upstream of port A would improve 
the mean velocity distribution at port A. The perforated plate did not help, 
probably because its density was too high and it also produced some high 
intensity tones.* The honeycomb was also not effective, either because the 
radial velocity components were already small or the honeycomb was too close 
to the screens. 

The only "quick fix" attempt that resulted in any significant improve- 
ment in turbulence distributions at port B was the removal of the downstream 
porous plate. Figure 14 shows the results. The mean velocity at port A 
(fig. 14(a)) is more uniform but nonsymmetrical about the centerline. 

The turbulence levels (fig, 14(b)) at port A are smaller than with all the 
porous plates installed (fig*. 12(b)). At port B, the turbulence is between 1 
and 2 percent and reasonably uniform out to == .75. These levels could 
probably be reduced by using coarser screens for the upstream locations in 
the damping screen set or by improving the quality of the screen 
installation. The porosity of the downstream plate was measured but the 
results were not consistent with the mean velocity profiles shown in figure 
12(a). It was therefore concluded that the mean velocity at port A is 
determined by the porosity distributions of all the upstream plates acting in 
concert but with presumably increasingly stronger influences by the 
downstream plates. Obviously, the porous plates must be as uniform in 
porosity as possible. 

The relatively high turbulence (in this case vorticity) levels of 5 to 7 

percent around the outer wall of the chamber at port B (fig. 14(b)) are 

currently blamed, in part, on the poor screen installation which resulted in 
steps and roughness on the wall. Plans are now being made to remedy this 
problem. Another cause of the high wall turbulence (which was well outside 

the nominal boundary layer edge) is believed to be the welded shear tabs that 

are used to fasten the porous plates to the settling chamber liners. 
Improvements in the method of securing the plates to the liner are required. 


CONCLUDING REMARKS 

The planned operation of the Jet Propulsion Laboratory (JPL) 20-Inch 
Supersonic Wind Tunnel at NASA Langley as a blowdown tunnel at more than 
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twice the stagnation pressures and mass flow rates that were used at JPL has 
prompted a review of fluctuating flow sources, levels, composition, and 
methods for their reduction and control in the supply section of blowdown 
wind tunnels. Most blowdown wind tunnels, including those in the facility 
complex at Langley where the modified JPL tunnel will be installed, 
experience very high Intensity, broadband acoustic disturbances at their 
settling chamber inlets. 

Recent data obtained at Langley show that for high mass flows, these 
acoustic disturbances originate in the high pressure piping system rather 
than the control valves. This result suggests that the function of a 
successful "quiet" control valve would be as an acoustic suppression device 
for the high level, high frequency inlet noise as well as a passive 
nongenerator of noise. Measurements in two blowdown tunnels at Langley show 
that the rms pressure intensity of these inlet disturbances ranges up to 
about 0.3 percent of the mean stagnation pressures with significant energy 
out to frequencies of at least 40 kHz. /Detailed measurements in the settlin'di 
{chamber of these facilities have shown that these acoustic inputs can be 
y reduced by two orders of magnitude by the use of high pressure drop porous) 
/components. One of these components mey also function as an entrance jet 
diffuser and may thereby allow a reduction in the overall length of the 
settling chamber. The resulting downstream rms pressures, normalized by the 
stagnation pressure, correlates with the unit Reynolds number in the settling 
chambers. This result indicates that similar noise reductions should be 
possible in the modified JPL tunnel at its maximum settling chamber unit 
Reynolds number which falls in mid-range of the above mentioned correlation. 

However, these porous plates generate high level vorti city fluctuations 
which, fortunately, can be reduced to very low levels by good quality damping 
siiceeni^The resulting total rms velocity fluctuation levels in the settling 
/ chamber have been reduced to 1 percent or less, which is required to insure ^ 
the specified high quality flow in the test section for Mach numbers below 3 / 
'^and at high test Reynolds numbers. 

Recommendations for suitable mesh sizes, spacing, and pressure drop 
coefficients for the damping screens and the honeycomb are given based on a 
review of the literature. Based on the new Langley data, expressions for the 
pressure drop coefficients for the porous components are also given along 
with recommendations for the minimum pressure drop required to achieve the 
two orders of magnitude attenuation in the noise at the settling chamber 
inlet. A suggestion is also offered for a support configuration consisting 
of a large cell honeycomb type structure welded between the porous components 
that could probably withstand the extremely high loads in a large settling 
chamber. Obviously, detailed stress calculations are required to qualify 
this approach. A scale model test would also be highly desirable. 
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TABLE L- FLOW CONDITIONS IN EXISTING JPL 20-INCH SWT, T^ = 294 K (530° R) 


(a) Nominal ranges of settling chamber and test section conditions. 

Based on reference 10. 



Pq range 
kPa 
(psia) 

^sc 

"A^ 

sc 

^sc 
m/sec 
(ft./ sec) 

Rg^ range 

per m 
(per in.) 

%c 

(lb/ft2) 

range 
per m 

0.4 

27.6 

103 

— 

.018 

6.22 

1.12 E 5 

4.17 E 5 

6.32 

23.70 

2.30 E 6 

8.63 E 6 


(4.00) 

(15) 



(20.42) 

(2.84 E 3) 

(1.06 E 4) 

(1.32 E -1) 

(4.95 E -1) 



■El 

.34 

152 

22.42 

.026 

8.88 

1.99 E 3 

8.78 E 5 

•16 

70.86 

5.23 E 4 

2.30 E 7 


(.05) 

(22) 



(29.13) 

(5.06 E 1) 

(2.23 E 4) 

(3.?6 E -3) 

(1.48 E 0) 



2.0 

.34 

193 

33.94 

.017 

5.86 

1.31 E 3 

7.36 E 5 

.070 

30.26 

4.32 E 4 

2.42 E 7 


(.05) 

(28) 



(19.24) 

(3.34 E 1) 

(1.87 E 4) 

(M7 E -3) 

(8.20 E -1 



3.0 

6.21 

193 

85.15 

.0068 

2.34 

9.45 E 3 

2.93 E 5 

.201 

6.22 

4.73 E 5 

1.47 E 7 


(.90) 

(28) 



(7.67) 

(2.40 E 2) 

(7.45 E 3) 

(4.19 E -3) 

(1.30 E -1) 



4.0 

11.9 

317 

215.5 

.0027 

.92 

7.13 E 3 

1.91 E 5 

.060 

1.60 

5.49 E 5 



(1.72) 

(46) 



(3.03) 

(1.81 E 2) 

(4.84 E 3) 

(1.25 E -3) 

(3.34 E -2) 



5.0 

27.6 

421 

502.7 

.0012 

.40 

7.09 E 3 

1.08 E 5 

.026 

.390 

8.26 E 5 

1.26 E 7 


(4.00) 

(61) 



(1.30) 

(1.80 E 2) 

(2.75 E 3) 

(5.34 E -4) 

(8.14 E -3) 




(b) Conditions with laminar boundary layer on nozzle wall."' 



Po 



sc 

^SC 

R 

SC 


^sc 

Hco 

kPa 

psia 

A* 

m/sec 

ft/ sec 

per m 

per in. 

Pa 

Ib/ft^ 

per m 

per in. 

2.40 

6.9 

1.00 

48.32 

.012 

4.12 


1.85 E 4 

4.69 E 2 

0.694 

1.45 E -2 

7.16 E 5 

1.82 E 4 

3.75 


2.40 

171.9 




1.24rE4 

3.16 E 2 

.131 

2.74 E -3 

8.64 E 5 

2.irir?' 

4.50 

46.5 

6.75 

333.0 

.0017 

.60 

1.96 

1.81 E 4 

4.59 E 2 

.098 

2.05 E -3 

1.72 E 6 

4.37 E 4 


^Private communication with J. M, Kendall of J.P.L., Oct., 1979, 


















































































































































TABLE n.- TYPICAL DAMPING SCREEN PARAMETERS 


Mesh 
per cm 
(per in.) 

lilH 

m 

mm 

(in.) 


^(1) 

R„„/m 

sc' 

^sc,d 

■p 

sc,m 

Max. laminar 
Table 1(b), 
M., = 2.4 


JPL 

min(2) 

JPL 

max^®^ 

New 

(4) 
max'- ’ 



(4) 

(2) 

(3) 

(4) 

^sc,d 

p 

sc,m 

00 

X 

00 


1.27 

0.55 

0,45 

1.3 E 3 

8.8 E 5 

1.7 E 6 

0.43 

290 

553 

1.67 

1120 

2130 


23.5 

(20 X 20) 

(.013) 

(.050) 















12 X 12 

.18 

00 

• ; 

.62 

.38 

1.3 E 3 

8.8 E 5 

1.7 E 6 

.23 

156 

298 

1.10 

736 

1400 

3.3 

15.5 

(30 X 30) 

(.007) 

(.033) 















a < 0.42 recommended limit, but a » 0.3 is better (Ref, 11), 

^^^At M«,= 2,0 (Table 1(a)). 

^^^ At M<«= 1.4 (Table 1(a)). 

At M^= 1.4, Pq = 290 k Pa (42 psia), (Rg^/m) « 1.68 x 10® (PER) 
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Pressure fluctuations 
from hot-wire data 
using eqn. (5) 


Figure 2.- Velocity and pressure fluctuations just upstream of nozzle contraction in 
settling chamber of Mach 5 Pilot Quiet Tunnel (ref. 18). 
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Figure 3.- Wall pressure fluctuations at settling chamber entrance of Mach 5 

Pilot Quiet Tunnel (ref. 1). 




Figure 4.- Schematic sketch of piping for Mach 5 Pilot Quiet Tunnel (ref. 1). 
Pressure in 25.4 cm pipe maintained at 350 to 400 N/cm^ (500 to 600 psia) 
for all tests. (Dimensions in cm.) 









Figure 5.- Schematic scale drawing of settling chamber for the Mach 5 Quiet Tunnel 

from reference 18. (dimensions in cm.) 
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Figure 7.- Original complete settling chamber for the Supersonic Pilot Quiet Tunnel. 
Porous (’’Rigimesh") plates and cone are 0.64 cm (0.25 in.) thick. All dimensions 
and stations in cm (inches). 



Figure 8.- Comparison of rms pressure and velocity fluctuations in the 
settling chambers of the Mach 5 and the Supersonic Pilot Quiet 
Tunnels. All hot-wire results are on chamber centerlines only. 
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(c) Nomalized rms pressures at port D with all components installed . 

Figure 8.- Concluded, 
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Figure 9.- Pressure drop across settling chamber of the Supersonic Pilot Quiet 
Tunnel with all components (fig. 7) installed. 
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Figure 10.- Typical power spectrum from transducer mounted flush with the 
wall at port D. All components (fig. 7) installed. R » 6.5 X 10®. 
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Figure 11.- Variation with stagnation pressure of the pressure drop across various 
components in settling chamber of the Supersonic Pilot Quiet Tunnel, 
m » 45 kg/sec (100 Ib/sec) at p = 2400 k Pa (350 psia). 
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(a) Mean velocity. 

Figure 12.- Velocity profiles in the complete chamber. Open symbols, 
Port A; closed symbols. Port B; flagged symbols, opposite side of 
centerline. 
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Figure 13.- Comparison of hot wire signal and electronic noise spectra at Port B. 
All components installed, r/r_ » 0.65, R„ /m « 2.1 x 10”. 
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Figure 14.- Velocity profiles with downstream porous plate removed. 
Open symbols, Port A; closed symbols, Port B. 
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(b) rms fluctuating velocity normalized by mean velocity. 

Figure 14.- Concluded. 


15.0 



t 


% 


1. Report No. 

NASA TM-81948 


2. Government Accession No. 


4. Title and Subtitle 

COMMENTS ON SETTLING CHAMBER DESIGN FOR QUIET, 
BLOWDOWN WIND TUNNELS 


7. Author(s) 

I. E. Beckwith 


9. Performing Organization Name and Address 

NASA Lanqiey Research Center 
Hampton, VA 23665 


12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, DC 20546 


3. Recipient's Catalog No. 


5. Report Date 

March 19.81.. 


6. Performing Organization Code 


8. Performing Organization Report No. 


10. Work Unit No. 

505-31-23-04 


11. Contract or Grant No. 


13. Type of Report and Period Covered 

Technical Memorandum 


14. Sponsoring Agency Code 


15. Supplementary Notes 


16. Abstract 

The scheduled transfer of an existing continuous circuit supersonic wind 
tunnel to NASA Langley and its operation there as a blowdown tunnel has stimulated 
this review of flow disturbance requirements in the supply section and of recent 
methods developed to reduce the high level, broadband acoustic disturbances known 
to be present in typical blowdown tunnels. The indications are that the total 
turbulence levels, which include both the acoustic and vorticity modes, should be 
reduced to 1 percent or less in the settling chamber. 

Based on recent data and the present analysis of two different blowdown 
facilities at Langley, methods to achieve these low levels of acoustic and vorticity 
disturbances are recommended. Included are pertinent design details of the damping 
screens and honeycomb and also the recommended minimum pressure drop across the porous 
components which will provide the required two orders of magnitude attenuation of the 
acoustic noise levels. 

A suggestion for the support structure of these high pressure drop porous 
components is offered with the hope that detailed stress calculations and scale 
model tests will show whether this is a feasible approach to this most difficult 
problem. 


17. Key Words (Suggested by Author(s}) 

wind tunnel design 
flow quality 
pipe/valve noise 


18. Distribution Statement 

Unclassified-Unl imited 

Subject Category 09 


19. Security Classif. (of this report) 

Unclassified 


20. Security Classif. (of this 

Unclassified 


21. No. of Pages 

39 


22. Price 

A03 


N lOl. 


For sale by the National Technical Information Service, Springfield, Virginia 22161 









76 005 


2796 


» " 
t 






f 


«>•« 



